**Core tip:** In recent years, fecal calprotectin (FC) has been reported as a reliable surrogate marker for clinical, endoscopic and histologic activity in ulcerative colitis (UC). The aim of the present study was to determine appropriate FC cut-off values measured by fluorescence enzyme immunoassay (FEI) for predicting endoscopic and histologic remission in Japanese patients with UC. The best FC cut-off values predictive of histologic remission were 125 μg/g for Riley histologic score and 123 μg/g for Matts histologic grade. FC measured by FEI is a useful biomarker for predicting histologic remission in UC.

INTRODUCTION
============

Ulcerative colitis (UC) is an idiopathic chronic inflammatory disorder of the large intestine characterized by recurrent periods of clinical remission and disease relapse. In recent years, mucosal healing (MH) has been considered as an important therapeutic goal in inflammatory bowel diseases\[[@B1]-[@B7]\]. Achieving MH is associated with lower relapse rates, hospitalization rates, and surgery requirements. MH is often defined as a combination of clinical remission and endoscopic remission. However, histologic recovery is incomplete, even in patients with UC who achieve clinical and endoscopic remission\[[@B8]-[@B11]\]. Several reports have suggested that persistent active microscopic inflammation is associated with an increased risk of relapse\[[@B10]-[@B12]\]. In addition, the severity of such histologic inflammation is an important risk factor for colorectal neoplasia\[[@B4],[@B13],[@B14]\]. Hence, histologic remission should be an important goal in the management of UC.

Calprotectin is a calcium and zinc-binding protein produced mainly by neutrophils. It has been reported that fecal calprotectin (FC) levels reflect local inflammation of the gastrointestinal tract. The FC level has been reported as a reliable surrogate marker of endoscopic and histologic activity in UC\[[@B15]-[@B19]\]. However, appropriate FC cut-off values for the prediction of endoscopic and histologic remission remain to be established in Japanese patients with UC.

The aim of the present study was to determine appropriate FC cut-off values for predicting endoscopic and histologic remission in Japanese patients with UC.

MATERIALS AND METHODS
=====================

Patients
--------

This was a cross-sectional observational study of 131 Japanese patients with UC for measurement of FC during the period from December 2015 to July 2017. All patients were recruited at the Division of Gastroenterology, Iwate Medical University Hospital, Morioka, Japan. The diagnosis of UC was based on established clinical, endoscopic, radiological, and histological criteria. Type of UC was classified into total colitis, left-sided colitis, proctitis and segmental colitis. Segmental colitis was regarded as a disease with typical mucosal lesion without rectal involvement\[[@B20]\]. Blood samples were collected for the measurement of white blood cell (WBC) counts, hemoglobin levels, platelet counts, erythrocyte sedimentation rate (ESR), serum albumin levels, and C-reactive protein (CRP) levels within a week from FC measurement.

The clinical activity of UC was assessed with the partial Mayo score (PMS)\[[@B21]\]; clinical remission was defined as a PMS of 0 without rectal bleeding and no requirement for steroid therapy in the previous 3 mo. Exclusion criteria were presence of infectious enterocolitis, colorectal cancer, Crohn's disease, or indeterminate colitis; inability to collect fecal samples; pregnancy, history of colorectal resection, or regular intake of aspirin/non-steroidal anti-inflammatory drugs (NSAIDs), defined as ≥ 2 tablets/week.

Definition of relapse
---------------------

Of the 131 study patients with UC, 88 were in clinical remission (PMS = 0), and they were followed for a 6-mo period. Relapse was defined as increased stool frequency or rectal bleeding by a PMS increase of more than 2 points. Three patients who self-discontinued their medication were excluded.

FC assay
--------

Stool samples were obtained on the morning of the scheduled day by patients themselves and stored at -20 °C until assay. FC was measured in a blind manner regarding the clinical and endoscopic profile, with a fluorescence enzyme immunoassay (FEI) (Phadia EliA^™^ Calprotectin 2).

Endoscopic and histological assessment
--------------------------------------

The endoscopic and histologic activity of UC were evaluated in 50 patients within a 2-mo period from fecal sampling. Because of the retrospective nature of the study, the indication for colonoscopy was heterogeneous among the study population. However, at least a single biopsy specimen was routinely obtained from the area of the most severe inflammation in subjects with active disease and from the rectum in subjects in remission.

Endoscopic activity was determined by Mayo endoscopic subscore (MES), Rachmilewitz endoscopic index (REI), and ulcerative colitis endoscopy index of severity (UCEIS)\[[@B21]-[@B23]\]. Endoscopic remission was defined as MES = 0, REI = 0, and UCEIS = 0. The histologic grade of inflammation was determined in biopsy specimens obtained from the endoscopically most severely inflamed site according to the scheme reported by Matts grade and Riley (Riley's score)\[[@B24],[@B25]\]. For Riley's score, biopsy specimens were evaluated on a 5-point scale to measure the degree of chronic inflammatory cell infiltrate and tissue destruction\[[@B25]\]. The histologic grade was determined by a pathologist (TS), who was completely blinded to the endoscopic findings and FC levels. Histologic remission was defined as Matts grade = 1 and Riley's score = 0. Four cases in which histological evaluation was difficult or biopsy samples were taken from inappropriate sites were excluded.

Ethical considerations
----------------------

The study protocol was approved by the Ethics Committee at Iwate Medical University Hospital (H29-172), and the study was conducted in accordance with the Helsinki Declaration (6^th^ revision, 2008).

Statistical analysis
--------------------

All of the statistical analyses were performed with the JMP^®^ 13 (SAS Institute Inc., Cary, NC, United States) and SPSS version 22 software for MAC OS (SPSS Inc., Chicago, IL, United States). Numerical variables are presented as the median and interquartile range (IQR), while categorical variables are presented as frequencies. Associations between FC levels and blood tests, clinical disease activity, endoscopic activity or histologic activity were evaluated with the Spearman's rank sum test. A receiver-operating characteristic (ROC) curve was drawn to estimate the area under the curve (AUC) and the best cut-off levels for FC to predict relapse and clinical, endoscopic, and histological remission. According to the cut-off levels, test significance, including sensitivity, specificity, positive-predictive value, positive likelihood ratio, and accuracy were calculated. Associations between FC and other markers were examined by logistic regression analyses. Clinical characteristics were compared between relapsed patients and non-relapsed patients. Age and laboratory data were compared with the Wilcoxon test. Frequency by gender and medication were compared with the chi-square test. The types of disease extent were compared with the Kruskal-Wallis test. Relapse rate was compared between any two groups using Cox proportional hazard model. In each analysis, *P* values \< 0.05 were considered statistically significant.

RESULTS
=======

Baseline demographic characteristics of the study patients
----------------------------------------------------------

The baseline demographic characteristics of the 131 patients included in the study are shown in Table [1](#T1){ref-type="table"}. The median age was 41 (IQR 28-52) years, and 67 (51.1%) patients were male. The median duration of UC was 3.6 (IQR 2-10.1) years. Regarding disease extent, total colitis was seen in 76 (58.0%) patients, left-sided colitis in 24 (18.3%), proctitis in 29 (22.2%), and segmental colitis in 2 (1.5%). Among all 131 patients, FC levels varied from 1 to 20783 μg/g. The median FC level was 289 (IQR 78-785) μg/g. In most patients, medical treatment was administered; 112 patients were receiving oral mesalazine, 47 were receiving immunomodulators, 21 were receiving anti-tumor necrosis factor-α, and 17 were receiving a corticosteroid.

###### 

Baseline characteristics of the 131 study patients *n* (%)

  **Parameter**                        ***n***
  ------------------------------------ ------------------
  Age, yr, median (IQR)                41 (28-52)
  Man/female                           67/64
  Disease duration, yr, median (IQR)   3.6 (2.0-10.1)
  Actual disease extent                
  Proctitis                            29 (22.2)
  Left-sided colitis                   24 (18.3)
  Total colitis                        76 (58.0)
  Segmental colitis                    2 (1.5)
  Partial Mayo score                   
  \< 2                                 93 (71.0)
  2-4                                  28 (21.4)
  5-7                                  8 (6.1)
  \> 7                                 2 (1.5)
  Laboratory data                      
  WBC, /μL, median (IQR)               6525 (4838-8140)
  CRP, mg/dL, median (IQR)             0.1 (0.04-0.20)
  ESR, mm/h, median (IQR)              7 (4-11)
  Albumin, g/dL, median (IQR)          4.3 (4.0-4.6)
  Hemoglobin, g/dL, median (IQR)       13.6 (12.1-14.3)
  Platelets, × 1000/μL, median (IQR)   268 (190-320)
  FC, μg/g, median (IQR)               289 (78-785)
  Medication                           
  Mesalazine, oral                     112 (85.5)
  Mesalazine, topical                  12 (9.2)
  Immunomodulators                     47 (35.9)
  Anti-TNF                             21 (16.0)
  Corticosteroids                      17 (13.0)

CRP: C-reactive protein; ESR: Erythrocyte sedimentation rate; FC: Fecal calprotectin; IQR: Interquartile range; TNF: Tumor necrosis factor; WBC: White blood cell.

Association between fecal calprotectin levels and blood test results
--------------------------------------------------------------------

The level of FC was correlated with the levels of CRP (Spearman's rank correlation coefficient *r* = 0.467, *P* \< 0.001), ESR (*r* = 0.355, *P* = 0.0003), serum albumin (*r* = -0.447, *P* \< 0.001), hemoglobin (*r* = -0.353, *P* = 0.0002), and platelets (*r* = 0.300, *P* = 0.0018), but not with WBC counts (*r* = 0.157, *P* = 0.104).

Association between fecal calprotectin levels and clinical, endoscopic, or histologic activity
----------------------------------------------------------------------------------------------

When the clinical disease activity in all 131 patients was compared based on the PMS and FC level, a positive correlation was found between the FC level and the grade of clinical activity (*r* = 0.548, *P* \< 0.001). The best FC cut-off value was calculated to be 289 μg/g (AUC: 0.796; 95%CI: 0.714-0.878) for predicting clinical remission determined by PMS with a sensitivity of 72% and a specificity of 84%.

The correlation between endoscopic activity and FC could be examined in 50 subjects. The indication for colonoscopy was clinically active disease or exacerbation of clinical symptoms in 14 subjects, assessment of therapeutic efficacy in 12 subjects, and surveillance for colorectal cancer in 24 subjects. Among those subjects, FC levels increased along with increasing severity of endoscopic activity evaluated by MES (*r* = 0.574, *P* \< 0.001), REI (*r* = 0.628, *P* \< 0.001), and UCEIS (*r* = 0.613, *P* \< 0.001). For predicting endoscopic remission, the best FC cut-off value was 490 μg/g for the MES (AUC: 0.823; 95%CI: 0.707-0.939) with a sensitivity of 100% and a specificity of 62% (Figure [1A](#F1){ref-type="fig"}), while it was 288 μg/g for both the REI (AUC: 0.780; 95%CI: 0.658-0.903) and the UCEIS (AUC: 0.777; 95%CI: 0.645-0.909) (Figure [1B](#F1){ref-type="fig"} and C). A logistic regression analysis including FC, CRP, WBC, ESR and platelet count as co-variables revealed that there was not a statistically significant correlation between FC and endoscopic remission defined as UCEIS = 0.

![Receiver-operating characteristic curves for fecal calprotectin levels to predict endoscopic remission of ulcerative colitis (*n* = 50). A: ROC for FC levels in predicting remission by Mayo endoscopic subscore. The AUC was 0.823, 95%CI: 0.707-0.939. The best cut-off value of FC was 490 μg/g, with a sensitivity of 100% and a specificity of 62%; B: ROC for FC in predicting remission by the Rachmilewitz endoscopic index. The AUC was 0.780, 95%CI: 0.658-0.903. The best cut-off value of FC was 288 μg/g, with a sensitivity of 100% and a specificity of 70%; C: ROC for FC level in predicting remission by the ulcerative colitis endoscopy index of severity. The AUC was 0.777, 95%CI: 0.645-0.909. The best cut-off value of FC was 288 μg/g, with a sensitivity of 88% and a specificity of 71%. ROC: Receiver-operating characteristic; FC: Fecal calprotectin; AUC: Area under the curve.](WJG-24-4384-g001){#F1}

Biopsy specimens were obtained from 46 patients during colonoscopy. Among 46 subjects evaluated histologically, FC levels increased with increasing histologic inflammatory activity by both Matts grade (*r* = 0.586, *P* \< 0.001), and Riley's score (*r* = 0.400, *P* = 0.006). For predicting histologic remission, the best FC cut-off values were 125 μg/g for the Riley score (AUC: 0.881; 95%CI: 0.780-0.981) and 123 μg/g for the Matts grade (AUC: 0.918; 95%CI: 0.831-1.000) (Figure [2A](#F2){ref-type="fig"} and B). A logistic regression analysis revealed that FC was a single and independent factor associated with histologic remission defined as Matts grade = 1 (*P* = 0.005).

![Receiver-operating characteristic curves for fecal calprotectin levels in predicting the histologic remission of ulcerative colitis (*n* = 46). A: ROC for FC in predicting remission by Riley's score. The AUC was 0.881, 95CI: 0.780-0.981. The best cut-off value of FC was 125 μg/g, with a sensitivity of 80% and a specificity of 86%; B: ROC for FC in predicting remission by Matts grade. The AUC was 0.918, 95%CI: 0.831-1.000. The best cut-off value of FC was 123 μg/g, with a sensitivity of 88% and a specificity of 87%. ROC: Receiver-operating characteristic; FC: Fecal calprotectin; AUC: Area under the curve.](WJG-24-4384-g002){#F2}

Association between fecal calprotectin levels and relapse
---------------------------------------------------------

Of the 131 study patients, 88 patients in clinical remission (PMS = 0) were followed up. During the 6-mo period after FC measurement, 19 (21.6%) of the 88 patients experienced a relapse of UC. Clinical characteristics of the relapsed and non-relapsed patients are compared in Table [2](#T2){ref-type="table"}. Medication with oral mesalazine was more frequent in non-relapsed patients than in relapsed patients (*P* = 0.03). The ROC analysis estimated a FC cut-off value of 175 μg/g (AUC: 0.648; 95%CI: 0.517-0.778) for predicting relapse, with a sensitivity of 68% and a specificity of 61% (Figure [3](#F3){ref-type="fig"}). However, Cox proportional hazard model revealed that neither FC nor other co-variables was an independent predictive factor for clinical relapse within 6-mo period.

###### 

Clinical characteristics of relapsed and non-relapsed patients *n* (%)

  **Parameter**                        **Relapsed patients (*n* = 19)**   **Non-relapsed patients (*n* = 69)**   ***P* value**
  ------------------------------------ ---------------------------------- -------------------------------------- ---------------
  Age, yr, median (IQR)                35 (23-53)                         40 (29-52)                             0.26
  Male/female                          6/13                               37/32                                  0.08
  Actual disease extent                                                                                          
  Proctitis                            5 (26.3)                           18 (26.1)                              0.53
  Left-sided colitis                   1 (5.3)                            12 (17.4)                              
  Total colitis                        13 (68.4)                          38 (55.1)                              
  Segmental colitis                    0 (0)                              1 (1.4)                                
  Laboratory data                                                                                                
  WBC, /μL, median (IQR)               6130 (5110-7745)                   5585 (4640-7013)                       0.48
  CRP, mg/dL, median (IQR)             0.05 (0.01-0.10)                   0.1 (0.04-0.14)                        0.05
  ESR, mm/h, median (IQR)              6 (4-8)                            5 (3.0-10.0)                           0.69
  Albumin, g/dL, median (IQR)          4.4 (4.3-4.6)                      4.4 (4.1-4.6)                          0.75
  Hemoglobin, g/dL, median (IQR)       13.3 (12.3-14.4)                   13.9 (12.6-14.9)                       0.25
  Platelets, × 1000/μL, median (IQR)   238 (214-339)                      256 (213-294)                          0.92
  FC, μg/g, median (IQR)               303 (94-846)                       126 (55.5-485)                         0.05
  Medication                                                                                                     
  Mesalazine, oral                     14 (73.7)                          64 (92.8)                              0.03
  Mesalazine, topical                  1 (5.3)                            3 (4.3)                                0.87
  Immunomodulators                     6 (31.6)                           18 (26.1)                              0.98
  Anti-TNF                             4 (21.1)                           12 (17.4)                              0.71
  Corticosteroids                      3 (15.8)                           5 (7.2)                                0.28

CRP: C-reactive protein; ESR: Erythrocyte sedimentation rate; FC: Fecal calprotectin; IQR: Interquartile range; TNF: Tumor necrosis factor; WBC: White blood cell.

![**Receiver-operating characteristic curve for fecal calprotectin levels to predict relapse at the six-month follow-up assessment (AUC: 0.648; 95%CI: 0.517-0.778).** The best cut-off value was 175 μg/g, with a sensitivity of 68% and a specificity of 61%. AUC: Area under the curve.](WJG-24-4384-g003){#F3}

Table [3](#T3){ref-type="table"} summarizes the performance of FC levels using the appropriate cut-off values in our cohort of patients with UC.

###### 

Test characteristics of fecal calprotectin levels to predict relapse and remission

  **Variable**      **Cut-off value (μg/g)**   **AUC**   **95%CI**     **Sensitivity (%)**   **Specificity(%)**   **PPV (%)**   **PLR**   **Accuracy (%)**
  ----------------- -------------------------- --------- ------------- --------------------- -------------------- ------------- --------- ------------------
  Relapse           175                        0.648     0.517-0.778   68                    61                   33            1.75      63
  PMS 0             289                        0.796     0.714-0.878   72                    84                   88            4.48      76
  MES 0             490                        0.823     0.707-0.939   100                   62                   42            2.6       70
  REI 0             288                        0.78      0.658-0.903   100                   70                   32            3.38      74
  UCEIS 0           288                        0.777     0.645-0.909   88                    71                   37            3.06      74
  Riley's score 0   125                        0.881     0.780-0.981   80                    86                   62            5.76      85
  Matts grade 1     123                        0.918     0.831-1.000   88                    87                   58            6.65      87

AUC: Area under the curve; CI: Confidence interval; PPV: Positive-predictive value; PLR: Positive likelihood ratio; PMS: Partial Mayo score; MES: Mayo endoscopic subscore; REI: Rachmilewitz endoscopic index; UCEIS: Ulcerative colitis endoscopic index of severity.

DISCUSSION
==========

In the present study, we investigated the association between FC levels and laboratory data and clinical, endoscopic, and histologic disease activity and risk of relapse. The results showed that FC was closely related to the laboratory data (CRP, ESR, serum albumin, hemoglobin, platelets) and to the clinical, endoscopic and histologic disease activity. While FC has been measured with enzyme-linked immunosorbent assays (ELISAs) in previous investigations\[[@B15],[@B17]-[@B19]\], we measured FC levels with a FEI in the present study. Even though FC measured by FEI has been shown to be an appropriate marker for patients with UC\[[@B16],[@B26],[@B27]\], it has also been confirmed that measurement by FEI results in a wide range of the test value when compared to measurement by ELISA\[[@B27]\]. We thus presume that high cut-off values of FC as found in our study may be a consequence of FEI measurement.

Based on the interpretations of the ROCs, we obtained FC cut-off levels of 289 μg/g for predicting clinical remission, and 288 or 490 μg/g to predict endoscopic remission. The FC cut-off value for MES (490 μg/g) was higher than that for REI and UCEIS (288 μg/g). This is probably because the numbers of evaluated items are greater with the REI and UCEIS than with the MES. We obtained the FC cut-off levels of 123 μg/g and 125 μg/g to predict histologic remission, as determined by the Matts grade and Riley score, respectively. Both of the determined FC values were close to each other, and the evaluation ability is considered nearly equivalent.

The therapeutic goal for patients with UC has recently shifted from symptom control to the combination of endoscopic and histologic remission with MH, because this has been found to be a better predictor of long-term remission and prevention of the need for hospitalizations and surgeries\[[@B1]-[@B7]\]. Previous studies showed that patients with a MES value of 1 are more likely to relapse and they are prone to colectomy than those with a MES of 0\[[@B28],[@B29]\]. Further, achieving histological remission better predicts corticosteroid use and hospitalization\[[@B30]\]. Several previous studies reported that microscopic inflammation persists in some patients with endoscopic MH\[[@B31],[@B32]\]. In the present study, we found that about 50% of patients had residual inflammation in the mucosa (Matts grade ≥ 2) despite having been judged to be in endoscopic remission (UCEIS = 0). Accordingly, histological remission seems more important as a rational therapeutic target\[[@B33]\]. Previous studies reported the cut-off levels FC to range from 60-200 μg/g for histological remission\[[@B15],[@B17],[@B34]-[@B38]\]. We found that a lower FC cut-off value predicted histological remission rather than clinical and endoscopic remission. Furthermore, logistic regression analyses revealed that FC was an independent factor associated with histological remission. While recent treat-to-target concept for UC itemized that either histology or FC is not a target for the treatment of UC, they are regarded as being adjunctive for the management of UC\[[@B39]\]. Our observation suggests that a simple measurement of FC is a substantial alternative for the evaluation of histologic severity of UC.

In our study, the FC cut-off value for prediction of relapse in UC was determined to be 175 μg/g. However, sensitivity and specificity for the prediction of relapse were less than 70%, and AUC for the prediction was less than 0.7. In addition, a multivariate analysis failed to identify FC as a predictive factor for clinical relapse. This observation does not conform to previous reports showing the accuracy of FC for the prediction of relapse in UC\[[@B19],[@B34],[@B35],[@B40]\]. In our study population, however, the overall rate of relapse was high with a value of 14%. In addition, colonoscopy was not performed at the time when PMS was found to be zero. Therefore, it seems possible that we recruited subjects without mucosal healing, thus being prone to relapse, for the analysis.

Several limitations of this study should be acknowledged. First, our cross-sectional study design makes it possible to observe associations at a specific time point, but gives no information about longitudinal clinical end points, such as the prognostic value of FC. Second, we assessed endoscopic and histological activity by sigmoidoscopy or total colonoscopy. However, the original endoscopic items of the Mayo scoring system were evaluated by sigmoidoscopy\[[@B21]\]. In the case of sigmoidoscopy, the FC levels may have been affected by the degree of proximal colonic inflammation. Third, the clinical disease condition of the patients at the time of stool sampling varied. Finally, the study was performed at a single center and involved a limited number of patients.

In conclusion, our analysis indicates that FC measured by FEI is a useful biomarker in Japanese patients with UC. It is considered appropriate for the prediction of mucosal lesions and histologic activity rather than clinical activity of UC. However, the appropriateness of FC measured by FEI for the prediction of relapse of UC awaits further elucidation.

ARTICLE HIGHLIGHTS
==================

Research background
-------------------

Fecal calprotectin (FC) is a useful biomarker to assess disease activity in ulcerative colitis (UC). However, appropriate cut-off values of FC for the endoscopic and histologic remission has not yet been determined in Japanese patients with UC.

Research motivation
-------------------

Calculating the FC cut-off value of the remissions will help to evaluate disease activity instead of invasive examination such as endoscopy.

Research objectives
-------------------

To determine cut-off values of FC for endoscopic and histologic remission in Japanese patients with UC.

Research methods
----------------

We performed a retrospective study of Japanese patients with UC for measurement of FC that was measured by fluorescence enzyme immunoassay (FEI). We analyzed the relationship between FC and laboratory data, clinical activity, endoscopic score (Mayo endoscopic subscore: MES, Rachmilwitz endoscopic index: REI, ulcerative colitis endoscopic index of severity: UCEIS and histologic score (Matts grade, Riley's histologic score).

Research results
----------------

In 131 patients, there was a statistically significant correlation between PMS and FC (*P* \< 0.001). FC levels were significantly correlated with the MES (*P* \< 0.001), REI (*P* \< 0.001), UCEIS (*P* \< 0.001), Riley's histologic score (*P* = 0.006), and Matts grade (*P* \< 0.001). Receiver-operating characteristic analyses identified the best cut-off value for the prediction of endoscopic remission as 288 μg/g, with an area under the curve (AUC) of 0.777 or 0.823, while that for histologic remission was 123 or 125 μg/g or 125 μg/g, with an AUC of 0.881 or 0.918.

Research conclusions
--------------------

FC measured by FEI is considered a predictive biomarker for endoscopic and histologic remission in Japanese patients with UC.

Research perspectives
---------------------

Our study showed that FC was useful biomarker for prediction of endoscopic and histologic activity. This research was a retrospective study, which is the maximum limitation. Further prospective studies are needed to confirm the reproducibility of the results of this research.
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